ABSTRACT: High-yield pulps are usually derived from pine wood on account of its anatomical configuration and technology used. Eucalyptus, on the other hand, is a fast-growing species, abundant in many parts of the world, and has thus emerged as an alternative source for many products in the pulp and paper industry. In this particular study, high-yield pulps of Eucalyptus grandis were used. In order to improve their properties, pulps were subjected to chemical treatments with different doses of sodium hydroxide prior to refining (0, 30, 50 and 70 kg/t), at 75°C temperature, 3% consistency, during 1 minute. The refining process was done in a Bauer disc refiner (Regmed) using various refining times (0, 5, 10 and 15 minutes). Results showed that refining with addition of NaOH did bring significant gains to the eucalyptus fibers regarding strength properties, the dose 50 kg/t being found the most suitable. However, other variables associated with refining could also be modified to further improve the strength properties of eucalyptus pulps, including consistency and refining discs configuration.
INTRODUCTION
Eucalyptus pulps (hardwood) have aroused considerable interest in recent years due to their abundance in all parts of the world and to the high productivity and fiber characteristics of the genus which may be used in different applications by the paper industry, including in the mechanical pulping sector (XU; ZHOU, 2007) . Mechanical pulping processes convert wood into high-yield pulps characterized by high bulk, high opacity and low production cost in comparison with chemical processes (HOLIK, 2006; LINDHOLM; KURDIN, 1999) .
A major drawback of mechanical pulping is the high energy consumption involved in the process and the inferior strength properties of the resulting pulps (HOLIK, 2006; LINDHOLM; KURDIN, 1999) . The cost entailed in such process could exceed 35% of the total pulp manufacturing cost, depending on the local conditions (HUHTANEN et al., 2004) . For this reason, the wood material and technological processes being used should be carefully evaluated for quality.
With shorter, thinner-walled fibers, hardwoods tend to be more severely damaged during the mechanical pulping process, hence their inferior strength properties. thus, these short-fiber hardwoods have potential for production of mechanical pulp provided that certain changes are made to the relevant processes.
The refining process brings considerable changes to the pulp properties and thus has a significant effect on the formation of paper. Suitable refining entails internal and external fibrillation, fiber shortening and release of fines so as to improve the properties of resulting products.
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Some authors report that the fiber shortening effect exerted by refining does improve paper formation by reducing the number of lumps and consequently leading to a reduced occurrence of flocks and reduced propensity to flocculation (KEREKES; SCHELL, 1992) . Therefore, where refining follows the specific conditions imposed for a given wood group, it does potentiate the development of strength properties.
To improve strength properties of mechanical pulps of eucalyptus while reducing energy consumption, fibers can be subjected to chemical stages that will facilitate the refining actions (LINDHOLM; KURDIN, 1999; XU; ZHOU, 2005) . Many chemicals can be used in that stage, noting that, in practice, sodium sulfite is the dominant chemical reagent in processes with coniferous woods (softwood) whereas sodium hydroxide and/or sodium sulfite are the most common chemical reagents in processes with deciduous woods (hardwood) (LINDHOLM; KURDIN, 1999) .
Total or partial replacement of pine wood (softwood) by eucalyptus wood (hardwood) in a mechanical pulping mill is thus possible, provided that the variables involved in the process are reassessed and provided that chemical treatments are performed, including addition of sodium hydroxide to TGW pulps prior to refining (XU; SABOURIN, 1999) . Such changes are intended to improve fiber quality and consequently improve the properties of the resulting pulp while reducing energy consumption.
The objective of this study was to evaluate the effect of chemical treatments with different doses of sodium hydroxide, in association with refining times, on the quality of TGW pulps of Eucalyptus grandis in an attempt to improve their physico-mechanical properties, in particular the tensile index.
MATERIAL AND METHODS
The material used was industrial TGW pulps of Eucalyptus grandis as collected from the industrial plant of a mechanical pulping company. The pulps were dewatered and kept in cold storage to prevent changes to their chemical composition.
Preliminary tests
Preliminary tests were performed to decide on pulp refining conditions to be used. Tests included two reaction times with NaOH (1 and 5 minutes), two reaction temperatures (75 and 95°C), and three distances between discs (0.50, 0.38 and 0.25mm). Selection of the best conditions was based on the degree of drainage resistance and on strength properties (burst, tear and tensile index), as illustrated in Figure 1. 
Chemical treatment with sodium hydroxide
A total of 30 liters of fibrous suspension was created by using 900g of TGW pulp of eucalyptus at 3% consistency. The suspension was manually stirred in a plastic container for the duration time of the NaOH reaction. The conditions used in the chemical trial were 1 minute of reaction time, 75°C of reaction temperature and 0.25 mm of gap between discs. Control variables included NaOH doses (0, 30, 50 and 70 kg/t) and refining times (0, 5, 10 and 15 minutes), according to the experimental design shown in Figure 1. 
Pulp refining
Once subjected to the chemical treatment, the pulps were taken to a Bauer single-disc laboratory refiner (Model MD3000 -Regmed). In all treatments, the refining discs were 20 cm in diameter and specific for use with shortfiber woods, having refining elements 3-mm wide and separated by 3-mm gaps, all aligned at a 45° angle to the central axis. The pulps were washed with water to remove excess NaOH and then centrifuged for a more thorough cleansing of the material.
The gap set between discs was 0.25 mm in such way as to allow a wide variation in the Schopper-Riegler 
Technological analysis of pulps associated with fiber morphology
The technological characteristics of pulps associated with fiber morphology under assessment in this study were number of fiber elements per gram and fines content. For the analysis, a GALAI CIS-100 particle analyzer was used and results were processed using Wshape software application. For determination of fines content, all elements equal to or less than 0.07 mm in size were considered. All analyzes were performed in duplicate.
Optical and physico-mechanical tests
Following the treatments, the handsheets formed were subjected to the following optical and physicomechanical tests: Brightness (Tappi T452- 
Statistical analysis
The experiment was laid out in a completely randomized design (CRD) using a factorial arrangement with two factors (NaOH doses and refining times). For analysis of the physico-mechanical and optical results, software applications Statistica 9.0 and Microsoft Office Excel 2007 were used. To study the effect of NaOH doses on pulp properties, four quadratic-linear equations were modeled for each property (Y) as a function of refining time (X) between 0 and 15 minutes. Each equation represented one NaOH dose being used in this trial (0 to 70 kg/dry ton). The four equations were statistically analyzed by regression analysis and compared by the F-test, using the model identity test and adopting a significance level of 5% probability, according to the methodology suggested by Regazzi (1993) for linear models.
All equations were initially tested assuming equality between them (H 0 = null hypothesis). If H 0 was accepted, a common equation would be used to represent the behavior of the property of interest (Y) as a function of each refining time (X). If the null hypothesis was rejected, comparisons would be made of the equations in pairs to identify which NaOH doses affected the pulp properties (Y) as a function of refining. Effects of refining or interactions between NaOH doses x refining times were not discussed in this study since it is common knowledge that refining does improve pulp properties and noting that only NaOH addition to the process is new to the study.
To illustrate the effect of alkali treatment on pulp properties under different refining times, a surface plot was created using the software application Statistica.
RESULTS AND DISCUSSION

Technological analysis of pulps associated with fiber morphology
Paper properties are subject to the influence of the morphological characteristics of the fibers. Such characteristics are determining factors in the flexibility and conformability of the fibers, both playing a critical part in the interfiber bonding capability thought to be essential for suitable formation and strength of paper (SILVA, 2002) .
Refining increases the intertwining of fibrous material by promoting both internal and external fibrillation, cutting fibers and releasing fines (ALMEIDA, 1988) . The combination of these effects leads to increased intra-and interfiber bonding and culminates with an overall increase in strength properties. However, if applied overly, refining has deleterious effects on such properties as it will make the material much too small by excessively cutting the fibers. Following the same line of reasoning, a chemical treatment with NaOH can be used to promote fiber swelling and facilitate the refining action, that way contributing to increase the strength properties of the pulp.
Since refining causes cuts to the fibers, which is undesirable though unavoidable, the number of fiber elements per gram (Figure 2a ) and the fines content ( Figure  2b ) were found to be higher in refined pulps. Although the number of fiber elements per gram increased with increasing NaOH doses in the case of the refined pulps, NaOH addition did not favor formation of fines inasmuch as the fines content in refined pulps remained virtually constant for all NaOH doses applied.
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large quantity of very tiny material (< 0.07 mm). Because of their size, fines have a high specific surface area and that helps promote interfiber bonding. The contribution of fines, even if in small quantities, denotes the important role of this fraction in connection with the flexibility and collapsibility of fibers (SILVA, 2002) .
Optical and physico-mechanical properties of pulps
Refining degree can be indirectly indicated by the drainage resistance of a fiber suspension and, in Brazil, the term Schopper-Riegler degree (°SR) is commonly used to address that, noting that the greater the water retention by the suspension, the higher the degree. In the trials run in this study, the Schopper-Rielger degree ranged from 15.5 to 51.0°SR (Figure 3a) , indicating that refining and chemical treatment significantly increased the drainage resistance. As shown in Figure 2b , since the fines content remained constant in the refined pulps, the increase in drainage resistance can be attributed to more intertwining of the fibers.
Tensile strength is a measure of the force required to rupture a paper strip when its width and the load speed are standardized. The tensile index is determined by dividing the maximum stress supported by the test piece before rupture by its grammage. The tensile index increased significantly as trials progressed, ranging from 1.9 to 14.3 kN.m/g. This gain is thought to be significant, since the reference value for industrial TGW pulp of pine wood is close to 7.2 kN.m/g. tear index by definition is the force required by a pendulum to tear multiple plies after a tear of specified length has been started on the samples. The tear index is determined by dividing the average force required to tear one ply by its grammage. The tear index had a good development as trials progressed, with values ranging from 0.9 to 3.4 mN.m 2 /g. It was nonetheless less expressive with higher NaOH doses.
Breaking length is the length that a strip with a given grammage and width can be suspended immediately before it would break under its own weight. In this work, breaking length ranged from 0.2 to 1.4 km, proving adequate if compared with the reference value for industrial TGW pulp of pine wood, around 0.7 km.
Increasing refining time was found to promote increases in Schopper-Riegler degree, tensile index, tear index and breaking length. Addition of NaOH also improved the above properties, whereby the greater the amount of NaOH added, the greater the increases, particularly at longer refining times, with the exception of Schopper-Riegler degree and tear index, whose curves did not show statistical differences with increasing NaOH doses (Table 1) .
Brightness is defined as the reflectance factor of blue light at a wavelength of 457nm. Brightness was found to be negatively affected by the treatments and ranged between 55.2 and 35.3%ISO. Elongation is determined concurrently with tensile strength by using a dynamometer attachment. It is given as percentage and indicates how much a paper sample deforms before its complete rupture. This property ranged from 0.5 to 1.2%, with improvement as trials progressed. The reference value of elongation for industrial TGW pulps of pine wood is around 1.0%.
Being an optical property, brightness was found to be more influenced by NaOH concentration than by refining time. In all refining times studied, brightness decreased with increasing NaOH doses (Figure 3e ). Pulp 
Figura 3 -Efeito do tempo de refino e da carga de NaOH no desenvolvimento das propriedades avaliadas nesse estudo.
tends to become darker when subjected to thermochemical treatment with NaOH on account of the chemical changes undergone by its chemical components, which make bleaching at higher levels of brightness more difficult to achieve, especially when hardwoods are used (XU, 1997).
Lignins found in hardwood (syringyl lignin) are more reactive and oxidize faster than guaiacyl lignins, present in less quantity. And absence of an extraction stage to remove such oxidized lignins confers a darker shade on pulps treated with sodium hydroxide. Elongation was found to increase with more refining time, particularly when pulp was treated with higher NaOH doses (Figure 3f ). This property followed the same pattern as tensile index, indicating enhanced interfiber bonding and improved strength properties.
Bulk is obtained by dividing paper thickness by its grammage. Structural characteristics of fibers also influence the determination of this property, it being associated with consolidation capability of the paper structure. Bulk is thought to be one of the most important properties of mechanical pulps, influencing both the physical and optical properties of cellulose pulps and affected by myriad factors which include degree of interfiber bonding, presence of nonfibrous materials filling voids, among other things. Results showed that Bulk decreased from 4.8 to 2.8 cm 3 /g as treatments progressed. This reduction should be carefully monitored because specific volume is a very important property of high-yield pulps. An industrial TGW pulp of pine wood has values of around 3.4 cm 3 /g. The Scott Bond test, also known as Z-directional force, is the capability of a product to withstand separation when tension is applied in the thickness direction of paper, that is, in the Z-direction of the ply. Unlike specific volume, the Scott Bond of pulps increased from 10 to 40 ft.lb/ in 2 with increasing refining time associated with NaOH addition. The reference value for this property using industrial TGW pulp of pine wood is 20 ft.lb/in 2 . With intensified refining, specific volume decreased, particularly when higher NaOH doses were applied (Figure 3g ). This reduction in specific volume is not very desirable, thus it is unavoidable whenever refining is intended to improve strength properties of pulps, since the degree of fiber collapsibility increases. In contrast with bulk b, Scott Bond increased significantly with increasing refining time, particularly when higher NaOH doses were applied (Figure 3h ). Regarding these two properties, much desired for mechanical pulps, an intermediate pulp with reasonable specific volume and a significant Scott Bond value would be ideal.
A model identity test showed that all equations, compared in pairs for these four properties, were statistically different, indicating that the treatments proposed were effective (Table 1) .
Stiffness is defined as the capability of a test piece to withstand bending from its own weight. Stiffer fibers help increase the specific volume of papers because of their limited conformation capability (HOWARD; BICHARD, 1992) . Pulp stiffness was found to increase from 36 to 99 gf.cm as treatments progressed, 69 gf.cm being the reference value for industrial TGW pulp of pine wood.
As regards delamination, it is caused by insufficient adhesion between adjacent plies of a material, and in the case of wood pulp it means insufficient interaction between fibers. As treatments were applied, ply bond strength ranged from 1.8 to 19 kgf/pol 2 . The reference value for industrial TGW pulp of pine wood is around 5.4 kgf/pol 2 . Increasing refining times helped increase both above mentioned properties. For ply bond strength, a greater increment was achieved when higher NaOH doses were used, whereas for stiffness the refining time was not significant when higher NaOH doses were used (Figures  3i and 3j) . Table 1 shows the negligible effect of higher NaOH doses on stiffness.
CONCLUSIONS
Eucalyptus short fibers, once refined and subjected to chemical treatment with NaOH, were found to real significant gains in their strength properties, even when compared with industrial TGW pulps of pine wood. Brightness and bulk, however, were significantly affected in a negative way by such treatments.
Other variables associated with refining can be modified to further improve strength properties of eucalyptus pulps, including consistency and refining disc configuration for hardwoods.
Intermediate NaOH doses should be applied, noting that, for some properties, NaOH doses above 50kg/t had no significant effects.
